Abstract
21
In the present study, we aimed to identify functional DNA methylation machinery and 22 4 detect cytosine methylation levels in the cysticercus cellulosae of T. solium based on a 1 draft genome that has been sequenced and annotated previously [5] . To achieve this 2 aim, we applied the whole-genome bisulfite sequencing (WGBS) method to 3 characterize the genome-wide DNA methylation pattern at single-base resolution [6] . 4 Based on this unbiased characterization, our results confirm that in the cysticercus 5 stage, the T. solium genome [5] is epigenetically modified by DNA methylation in a 6 pattern similar to that of other invertebrate genomes, i.e., sparsely or moderately 7 methylated [7, 8] . We also observed an enrichment of non-CpG methylation in 8 defined genetic elements of T. solium genome, which is a pattern different from 9 mammalian methylomes [7, 8] . Furthermore, we applied RNA-seq technology to 10 profile gene expression. An integrative analysis on both the transcriptome and DNA 11 methylome indicated a strong correlation between these two datasets, suggesting that 12 gene expression might be tightly regulated by DNA methylation. Importantly, our 13 data suggested that DNA methylation might play an important role in repressing key 14 parasitism-related genes, including genes encoding excretion-secretion proteins. In 15 summary, for the first time, we provide data to characterize the DNA methylome and 16 the transcriptome of the T. solium cysticercus cellulosae. Our data will be valuable to 17 the community and will allow researchers to provide new insights into the mechanism 18 of methylation in cysticercosis in future studies.
19

Materials and Methods
20
Sample collection and nuclei acid extraction 21 Individual cysticerci were isolated from a single, naturally infected pig (Neimeigu
22
Province, China) and rinsed thoroughly several times with phosphate-buffered saline.
1
The cysticerci were first frozen in liquid nitrogen and then finely ground to a 2 powder-like texture. Genomic DNA was extracted using the phenol chloroform 3 extraction method, and total RNA was purified using Trizol reagent (Invitrogen, CA, 
BlastP searches and phylogenetic analysis of DNMTs
10
Reciprocal BlastP comparisons were first performed to identify DNMTs and MBD 11 orthologs. Significant hits were defined as those satisfying the following criteria: 12 E-value < 1e-5 and aligned segments covering at least 30% of the sequence length of 
MethylC-seq library construction and sequencing
18
Prior to library construction, 5 μg of genomic DNA extracted from a cysticercosis blunt DNA fragments were subsequently 3' adenylated using Klenow fragment (3'-5' 4 exo-), followed by ligation to adaptors synthesized with 5'-methylcytosine instead of 5 cytosine using T4 DNA ligase. After each step, DNA was purified using a QIAquick 6 PCR purification kit (Qiagen, Shanghai, China). Next, a ZYMO EZ DNA Illumina Hiseq2500, the purified products were analyzed using a Bioanalyzer analysis 17 system (Agilent, Santa Clara, CA, USA) and quantified by real-time PCR. Raw 18 sequencing data were processed using the Illumina base-calling pipeline (Illumina (Illumina) and 20 μg of total RNA from each sample. Tris-HCl (10 mM) was used to 7 elute the mRNA from the magnetic beads. To avoid priming bias when synthesizing 8 the cDNA, mRNA was fragmented before cDNA synthesis. Fragmentation was 9 performed using divalent cations at an elevated temperature. The cleaved mRNA 10 fragments were converted into double-stranded cDNA using SuperScript II, RNase H 11 and DNA Pol I, primed by random primers. The resulting cDNA was purified using a
12
QIAquick PCR Purification Kit (Qiagen). Then, the cDNA was subjected to end 13 repair and phosphorylation using T4 DNA polymerase, Klenow DNA polymerase and 14 T4 Polynucleotide Kinase (PNK). Subsequent purifications were performed using the 15 QIAquick PCR Purification Kit (Qiagen). These repaired cDNA fragments were 16 3'-adenylated using KlenowExo (Illumina) and purified using the MinElute PCR
17
Purification Kit (Qiagen), producing cDNA fragments with a single 'A' base 18 overhang at the 3' end for subsequent ligation to the adapters. Illumina PE adapters 19 were ligated to the ends of these 3'-adenylated cDNA fragments and then purified 20 using the MinElute PCR Purification Kit (Qiagen). To select a size range of templates 21 for downstream enrichment, the products of the ligation reaction were purified on 2% 
Bisulfite mapping and methylation calling
12
Reads were trimmed to a maximal length of 125 bp, and stretches of bases having a 13 quality score <30 at the ends of the reads were removed. Reads were mapped using 14 BSMAP 2.2.74 [16] . As a reference sequence for the bisulfite mapping we used the The T. solium methylome data have been deposited at NCBI/GEO/ under the 6 accession number GSE84086.
7
Results
8
The presence of DNA methylation in the T. solium genome
9
The methylation status of DNA is related to three types of enzymes, including DNA 10 methyltransferases, which affect maintenance methylation and de novo methylation.
11
To understand whether T. solium possesses the ability to methylate DNA, we first 12 conducted a reciprocal Blast alignment to identify genes that might be homologous to 13 known DNA (cytosine-5)-methyltransferases. As a result, two genes 14 (Scaffold00200.gene8095 and LongOrf.asmbl_16366) were identified that are 15 homologous to DNMT3B and DNMT2, respectively, with high sequence similarity
16
(e-value < 1e-10). Scaffold00067.gene4890 was aligned (e-value < 1e-5) with either 17 DNMT3A or DNMT3B from multiple species. In addition, more than one gene was 18 matched with DNMT1, among which Scaffold00068.gene4920 had the best hit
19
(e-value < 1e-10) (Table S1 ). Phylogenetic analyses by MEGA7 also supported these 20 results ( Figure S1 ). Moreover, we searched for genes homologous to methyl-CpG Echinococcus granulosus, which is closely related to T. solium evolutionarily ( Table   2 S1 and Figure S2 ). A full repertoire of functionally conserved amino acid residues 3 was identified for both the potential DNMT2 and DNMT3 and the MBDs of T. solium, 4 indicating that these proteins are functionally active (Table S2 ). However, a high level 5 of divergence between T. solium and other species was observed for DNMT1 6 homologs (Table S2) , which was in agreement with previous studies.
7
Given these results, we assessed the genome-wide DNA methylation profiles in T.
8 solium using MethylC-Seq. There were 54.21 million raw reads generated (Table S3 ). [18, 19] . With regard to methylation levels, we did not observe 18 significant differences among different sequence contexts for mCs ( Figure 1C ). 19 We next examined whether there was any preference for the distance between We then examined the distribution of methylation levels for the four categories of 11 methylated cytosines across the entire genome. In general, similar mosaic distribution 12 patterns were observed for methylation levels of all types of mCs, that is, relatively 13 highly methylated domains were interspersed within regions with low methylation 14 ( Figure S4A) . Furthermore, the distribution of mCs across the genome was also 15 uneven; dense mCs of specific categories were occasionally enriched in specific 16 scaffolds ( Figure S4B ). Such a pattern has been observed in previous studies on other 17 invertebrates. We also examined the patterns of methylation in annotated elements,
18
including genes, tandem repeats, and transposable elements. The methylation 19 percentage of each cytosine context in exons was higher than that in other annotated 20 elements, especially CpAs, which accounted for a more than 2-fold greater percentage 21 than the other contexts in exons (Figure 2A ).
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We then examined the average methylation level in each element, which showed that 1 average CpG methylation levels were higher than those other types of methylated 2 cytosines, similar to mammalian genomes. However, the genome-wide pattern was Next, to infer whether methylated genes were enriched for specific molecular 10 functions, we filtered out a total of 1,647 of the genes with the lowest expression and (GO) terms of these genes. We found that these two sets of genes displayed similar 15 patterns of GO enrichment, specifically, "cell" and "cell part" in Cellular Component, 16 "binding" and "catalytic" Molecular Functions, and "cellular process" and "metabolic 17 process" in Biological Process were relatively enriched. This result suggested that the 18 genes heavily regulated by DNA methylation were more prone to signaling regulation 19 or interaction with environmental factors, e.g., diet or metabolism ( Figure S6 ). In (Table S4 ). Using the same criterion for conserved genes, we 6 found 13 extensively methylated genes. Similarly, gene expression comparisons again 7 revealed that these 13 genes were expressed at significantly lower levels than the 26 8 non-methylated genes ( Figure 4A ). Using a similar strategy, we also looked into 9 genes containing methylated CpAs and CpTs within their upstream or exon regions. In addition to characterizing the general distribution pattern of genome-wide DNA 8 methylation, we also focused on methylation status of important T. solium genes.
9
Based on previous studies, we looked into 27 extensively methylated genes that are 10 important for T. solium development, survival and parasite-host interactions. We Table S3 : Data summary of MethylC-seq and RNA-seq.
Table S4: Summary of key parasitism genes that are methylated.
